Metabolic, haemodynamic and neuroendocrine responses to suxamethonium (SCh) were measured in five normal swine and five swine susceptible to malignant hyperthermia (MH), to compare the responses with those previously reported for halothane. Following SCh, the onset of MH was sooner and more abrupt than following halothane. The maximal changes in aerobic metabolism and body temperature were similar, while the changes in lactate, potassium, hydrogen ion and catecholamine concentrations were smaller than those observed following halothane. These results are discussed in terms of the action of chemical depolarizing drugs such as suxamethonium and acetylcholine. The propagated muscle action potentials produce an increase in the free intracellular calcium concentration which may be self-regenerative, but which may become uncontrollable because of the peculiarities of MH that effect the calcium pump or storage areas. Suxamethonium (SCh) is known to cause malignant hyperthermia (MH), particularly in the presence of other provocative agents (Relton, 1973; Ryan, 1973) . To determine the effects of SCh per se, we have measured the metabolic, haemodynamic and neuroendocrine effects of SCh in malignant hyperthermiasusceptible (MHS) swine. These are compared with the previously reported effects of halothane (Gronert and Theye, 1976) . The animals were identified as MHS by a screening test using halothane, in which a positive response included the development of limb rigidity (Gronert and Theye, 1976) .
Suxamethonium (SCh) is known to cause malignant hyperthermia (MH), particularly in the presence of other provocative agents (Relton, 1973; Ryan, 1973) . To determine the effects of SCh per se, we have measured the metabolic, haemodynamic and neuroendocrine effects of SCh in malignant hyperthermiasusceptible (MHS) swine. These are compared with the previously reported effects of halothane (Gronert and Theye, 1976) . The animals were identified as MHS by a screening test using halothane, in which a positive response included the development of limb rigidity (Gronert and Theye, 1976) .
MATERIALS AND METHODS
Five normal and five MHS 3O-50-kg Poland China swine were prepared according to a protocol (Gronert and Theye, 1976) for measurement of the oxygen consumption of the whole body ( KB 02 ) and hind limb ( KL OI! ), cardiac output (Q), arterial pH, Po 2 and Pco 2 , lactate, potassium (K+) and catecholamine concentrations, and temperature. Anaesthesia during these preparations included thiopentone, nitrous oxide, and controlled ventilation to maintain / > a COl! at 40 + 2 mm Hg. Control values were established in triplicate during a 15-min period. Suxamethonium 3 mg/kg was injected i.v. and all measurements were repeated after 5, 10, 20, 30, 40, 50 Gronert and Theye (1976) . swine (Gronert and Theye, 1976) . P& Ol remained greater than 120 mm Hg throughout the study in all animals.
DISCUSSION
These data demonstrate two apparent episodes of MH, the former a result of SCh, and the latter the stress of light anaesthesia. Suxamethonium produced an earlier onset of MH than did halothane (Gronert and Theye, 1976) , with similar increases in aerobic metabolism. The increases in Vo 2 , both whole body and limb, began sooner after the administration of SCh because a bolus results in a more rapid increase in drug concentration at the muscle. Maximal increases in Vo 2 may develop rapidly during MH and do not appear to be related to the type of provoking agent. Calculated increases in skeletal muscle Vo 2 may be extrapolated from Vt Oi , assuming that the skeletal muscle weight in muscular swine is 50% of the total body weight (Allen, Thompson and Hegarty, 1974) . Thus approximately 45% of the increase in FB 02 during MH is unaccounted for, a value similar to that calculated for halothane (Gronert and Theye, 1976) .
From this evidence we conclude that MH may not be solely a disorder of skeletal muscle and that other tissues may participate actively in the aerobic changes. However, there are errors of measurement and calculations associated with this evidence. The Fick relationship is qualitative when measurements are made during an unsteady state (Zierler, 1961) . Some hind limb blood flow was not included in the measurements because of inaccessible collateral vessels, and different muscles may have varied responses in MH. Nevertheless, the time course of MH varied little, in these animals, as a result of the sudden onset following SCh, and the data were consistent, depicting accurately the changes that occur during SCh-induced MH.
Increases in lactate following SCh, as with halothane (Gronert and Theye, 1976) , occurred in the absence of signs of intracellular hypoxia; the common iliac venous flow remained stable or increased and PL OS showed no significant decreases until 40min after the injection of SCh. These apparently nonhypoxic increases in lactate may be related to changes in the metabolic control mechanism as discussed previously (Gronert and Theye, 1976) . Hyperactive cellular functions deplete the concentrations of ATP (Plum, House and Duffy, 1974) 
, with a resulting decrease in the ratio [ATP]/[ADP] [HPO 4
2 -]. This shifts the cytoplasmic redox state towards reduction, affecting the glyceraldehyde phosphate dehydrogenase system, thus maintaining a constant ratio of the cytoplasmic nicotinamide adenine dinucleotide (NAD) couple-free NAD+/free NADH. When free NADH tends to increase, thus altering this ratio, several systems respond. There is a rapid increase in lactate (Veech, Raijman and Krebs, 1970) . Changes in lactate, K+, arterial pH and catecholamines during MH were smaller after SCh than after halothane (Gronert and Theye, 1976) . There was, however, a severe biochemical disorder in the absence of rigidity.
The stress of light anaesthesia probably accounts for the metabolic aberrations that occurred 30 or 40min after SCh. These animals were not given supplementary thiopentone after muscle function returned, and both normal and MHS swine moved, shivered and reacted to the endotracheal tube during 50% nitrous oxide in oxygen anaesthesia with controlled ventilation. This accounts, in normal swine, for increases in Ko 2 at 30 and 40 min. In MHS swine this was apparently a sufficient stress to re-activate MH during the waning influence of SCh. This "re-activation" of MH was now related to increased stimulation and excitement similar to the porcine stress syndrome of awake swine (Nelson, 1973) and was, at least in part, a result of a greater release of acetylcholine (ACh) across neuromuscular junctions. ACh and SCh act similarly as chemical depolarizers (Gronert and Theye, 1975) ; the resulting action potentials are propagated to the muscle cell by the transverse tubules, causing a small release of calcium (Ebashi and Endo, 1968 ) which is increased further by self-regeneration (Ford and Podolsky, 1972) . In MHS subjects, the abnormal intracellular machinery may be unable to clear the extra calcium, resulting in typical changes in metabolism (Harrison, 1973) . These changes may be marked and unrecognized, for example, in patients receiving SCh during electroconvulsive therapy (Relton, 1973) . In the present study the "re-activated" MH included continued increases in Vh 02 , lactate, K+ and catecholamines, and decreases in arterial pH and P\ Oi . Thus it appears that the early episode of SCh-induced MH blended into a later episode of ACh-induced MH.
Extradural anaesthesia has been reported to prevent halothane-induced MH (Kerr, Wingard and Gatz, 1975) . During extradural anaesthesia, ACh release should virtually cease (Gronert and Theye, 1975 ); free intracellular calcium should then be at a reduced concentration, as the affected muscles are relaxed in the absence of the usual tonic reflexes. Thus the contractile mechanism may be considered as "set" at a level at which MH is not easily initiated. This may also explain why thiopentone delays the onset of halothane-induced MH (Gronert and Theye, 1976) . Harrison (1973) has reported that tubocurarine may block SCh-induced MH, but not halothane-induced MH. This observation seems to contradict Kerr's findings discussed above. This discrepancy is probably related to the degree of paralysis with either technique. Hall, Trim and Woolf (1972) noted that curare modified, but did not prevent, MH and Kerr observed that inadequate extradural anaesthesia was only partially protective.
Volatile agents, such as halothane, directly inhibit abnormal MHS machinery (Ryan et al., 1974; Britt, Endrenyi and Cadman, 1975) . This results in poor clearance of free intracellular calcium, which increases progressively. This increase begins almost as soon as halothane is introduced, and the associated metabolic and acid-base signs are initially subtle (Gronert and Theye, 1976 
SUMARIO
Las respuestas metabolicas, hemodinamicas y neuroendocrinas a la succinilcolina (suxametonio) fueron medidas en cinco cerdos normales y cinco cerdos susceptibles a la hipertermia maligna (HM), para compararlas con las previamente comunicadas para el halotano. Los cambios maximos en metabolismo aerobico y temperatura corporal fueron parecidos, mientras que los cambios en las concentraciones de lactato, potasio, ion hidrogeno, y catecolaminas fueron menores que los observados tras el halotano. Se comentan estos resultados en t£rminos de la action de los compuestos quimicos despolarizantes tales como la succinilcolina y la acetilcolina. Los potenciales propagados de action muscular producen una elevacion de la concentration intracelular de calcio libre que pudiera ser autoregenerante, pero que pudiera volverse incontrolable debido a las peculiaridades de la HM que afectan las zonas de suministro o almacenamiento de calcio.
